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Study of High Altdtude Land Search Plane
AsDoRe Report B~ U3

1. Introduct.iom

The purysse of this atudy is the approximate determination
of the dinensions and chnract.er:u tics of a Long ilange Search Land-

plane to the specification quoted below from VPB Memo Aer-E-1}-1DC

ef 21 larch 19L5:
"1+~ _ In acocordance with a giscusaion in the oifice
"of the m:-oe-t.or of Engineering on 17 ifarch 195, studies have
bun initiated by the Aviation Design Rascarch Jranch on the
generalized problem of a patrol landplanc design to make good
& search radius (on the Standard formila) of 1500 nautical
miles with 20% reserve fuel,

‘20 i'buo ltudiu wﬂl be based on three possible

power plat.o for coxmnd.cuo;the 'k’lasp Kajor (Rb36o), the

i B 1&, and the 20 1oo. It 4s rea.lized that other pmr

plants are possible and would have to be considered in any =

actual du:la. but for ths purpose of this study ﬂme are :

nfﬁc:l.omly upmentatin and the multa can be adjusted
tgr ‘other mtm. Af necescary.

-

L R ‘s assumed thst the range roquirenent is oo
: mt&tnryhtﬂmmbemtedotanyduign
based on reciprocating engines and therefore that such designs

PYUN . . SOVEBHNSAT PRINTING OPPICT

oo e



= Mmmm

NAVAER-153860 18

' BUREAU OF AERONAUTICS oave
PREPARED BY . NA\;Y“E.E:::?‘:NT PAGE _ =2=
& CHECKED 8Y _ - 1ssueD sy _AVIATION DISIGH RESEARCH REPORT No. .

"must carry adequate defensive ararent, For the purposes
of this study t'he aruarnt of the PBLY-2 was chosen as
reasonably representative, The results of the study can be
adjusted for other gencrally simdlar armament conli urations
differing principally in weicht, A crew of 12 vas asswied

" . necessary to fly the airplane and operate this equipnent, ,

"o The gas turbine and jet designs will operate most
efficiently at high speeds, and it is reasonable to assume

- that they will require less armament and a smaller crow,
particularly since the flizht duration will be less. For
this study, a hypothetical Lx20 mm, tail turret vas assumed,

Y

AP R s s

‘ and a .cr_e' of 3. No other armanent was included,
"o Fo investigation of bomb load is included in the
|, etady, stnoe ranges will be shomn with zer bomb load, and
| o _anvrumblobodaloadrorqunlusecmbecarned(atan
b :,IL oquivalent sacrifice in ranve) without affecting the
‘? _ " Present stmd’ﬁ redio and cmm.catingqup.
r* mwnt with AN/APS-31 sesrch rader a8 assumed for estimating
wight. This figare can oasily be adjusted for weight

.
A Loty
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superchargers as to be able to cruise at high altitude. This
places all the desirns upon the same basis as far as armauent is
concerned. The problen is first investicated with a constant
oruising speéd of LOO wph. at 40,000 feet and then reviscd to
consider initiar speeds of 300, 325, 350 and 375 wh. for the R-1i360 [\
dui';na both with and without I-l0 auxiliary jcts, the same as used
“T in the@ Complete performance characteristics are not com-
puted due to the excessive amount of ‘hbor required for this work
on a total of 2l atrplanes considered. The Ferry iamges and Conbat
Radi{ are coqmud’,"hmver,. and tabulated, as well as the weights .
and dimensions, It is propoeed‘tha.t a complete cesign stud: be
undertaken at a later dste comcentrating thevorkmonoﬁeorm
‘ specific desirns that sppear to.bo of interest from this analysis,
It is believed that any of the designs that meet the cruising conditions.
-atho.ooomnnginnryutufactoqt&h-oftommmm
¢ Il Semery & Oonslustons. <
: ; A stdy 18 first made of the propeller problem, reslising
the difficulty af obtaintng good efficiencies st high liach nmbers.
Data from NoA.Cohe AsCiRe Fo. hl16 of February 194 is availabls,
mwmmmsrootmamm tunnel at a
“tunnel (u-mzht.) Much nusber ot 560, These test results show
thatmgoodrunlu. mm, mhobw.udwith special wide
m ?orthopummofthiamniaucwudwpropeum

ﬁ”ﬁ 3.1&.;. designs cah be obuund.

i 4 I... A .
- % ) o 3 Ty Jaus o et paiwies GVIOE




C

o P "
*»

NAVAER-15868

BUREAU OF AERONAUTICS -
PREPARED BY —_ NAV:“:E:YW:NT PAGE -l
cHeckeo oY issueo ey _AVIATION DESIGN RESTARCH = mesomTNo._ _

20% of ?Jo mumq_rml throughout the whole flight,

The choice of the wing section also is a critical problem,
particularly at thc relatively high 1ift coefficients incidetit to
flying at a dynamic pressurc of 100 lbe./sq. fte Studring all
available data it is decided thet the N.AlC.A. 2L00 series atrfoils
are a ~ood compromisce An analysis is then made with various wing
loadings, thicimess ratios and aspect ratios, making allovance for
the effect of these variables on wing weicht, to determine Fhe hest
conbination for cruisinz at L0O mph. ot 40,000 fcet, This analysis
indicated 1hat an aspect ratio of 10, a root thic'mess ratio of 15%
and a wing loading of L2 lvs./sq. ft. will cive he best resulis,
consistent with pr;;tical considerations,

After havin; decided upon the wing desicn, the cstimation
of the L/D ratios for the various desimms folloed from rather simple
epressions devaloped in the body of this rep.rt. After having
estimatod the sross weisht for each airplace and from that the
alldwahle fusl weight the combat radii are computed on the basis
of the following combat problems —

' thelinmmtoddn:ppabletmklﬂllbocan'iodin
Mﬁcient quantity to aceomplish 90% of the combat radius. Inis
fuel is not considered in the duign gross wi@t.

26 m oonbat radius is computed on the basis of carrying

2 P . r
9 - G000s . 6, COVERNINAIT FRIUTIES SIVISE
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3. A c.nstant speed of LOO mph. 1s used for the whole
£1i;ut, after exponditure of the i_tﬂal fuel,

Lo A distance equal to 507 of the combat radius is
assumed to be covered during a search operation and nonc of this 'L‘
distance is used as crodit to the radius of action.

S5« The fuel consumptions from mamufacturers clata for the
piston and turbine en;ines are increased 155 aud T8% respectivelye
{: | The resultinz weishts, dimensions, and cmuising nerformances
are c¢iven on the attached table for the serices of ‘aiml:.mes wich
cruise at the constant speed of 400 mpii. at 10,000 fecte

Study of this table shows the inferiority of the TG=1(0 .

tvrbo Jets for this prohleme It appears that nc prafctical nunber

of upits will cive a combat radius of 1509 nautical miles, The
ﬁn’oo—supez;chargod R=li360 engines are ncarly as poor for the
ori,,;'inal problen, but the moderate power loading at take-off
Andicatcs that sreater lowds may be carried, provided the cruising
- speed is reduced to obiain greater effective thrust and greater
L/Dtss There seems to bc nothing that can be cons to "bail out", H
the jets, however, since :bho chosen conditions are particularly
~ 4dsal for thiltypoot'pmrplm.
The outstanding suneriority of the 25.D propeller turbincs
is evident, It appears that both the TG-100 and the 25-D will meet
the combat problen for Al practical pwrposes but the adlitional
pover of the 25-D makes it the best engine for this problem by a
great margin, since mach more load can be carried per emgine at
tut 21 1bs. of fuel per bour additiomal,

e ——— | e—g )
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To determine whather or mot the R=}360 en; . nes can be used

with a less restrictive combat problem, four additional airplanes,
both with and without I-LO awdldar; jets werc studied. The
initial cruieir3 speeds (after expenditure of unprotected fuel)
ware decreasod pro:ressively from 375.t0 350, 325 and 300 mph.
: It was assumed that the flight takes place at constant ancle of sttack
P instead of constant speed. The following table summrizes the re-
sdlts frem this studye .

Engins Type k R-l360 Tuwrhe L BR-4360 Turbo L I-440
% |mumav. 3 3 2 0 W o 3 30
] ‘Cruise
o .
’4. 5600 306750 117900 2REAOD $5600 - 106750 117900 12600
iy - - - == --lpm.o»asnm 91850 SALTD
m.m J |
- - ee e 165” 2505 275%0 |
w:'.'-a“ - .= a- ,--mxtso o 2600 ;“
Aeatt® 2235 Mo 3o LS NS M 3o LS |
Spenft..  US 15 I MBS 1S I 208 *
Paxyy Rmge, ;
nt.mmo 55 Sé0 - Do e N0 BO e ’/
“"“"%‘ ¥ oW om M M B ;W
lnnx.?. i :
. 468 z
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: Study of thié table indicates that a 1500 mile combat

radius can be obtained with the R4J60 engines without the I-LO .
mxxili'arlu..butﬂbnldding Jets, their weight subtracted from

the fual load available decreases the redius to an unacceptable

"valus. ‘If a low radius should be aceeptable itcppemthata
'-nlhrfutercrﬂd.ng ad.rplmerﬂlbouorn utisfactoryfrcmmry
'm.'dththemcpuauoftqcpeed. It is questionable that an-
additienal 15 mph. in Vmax at 10,000 feet is sufficient te recomsend the
- larger and heavier airplane,
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The conclusions that may be drawvn from this stud: are: -

l.

2.

N

he

Se

Ge

Té

The on];,' cngmesthat, to all practical purposes, will nect

tho basic problen of a combat radius of 1000 nautical miles

at 40,000 feet at a constant speed of 40O mph, are the tw
propeller turbines, The performance of the ioatinghouse 25-D

ouz provlem :'s very favorable “or the turho jets this

enine t;pe is unsatisfactory as the primary power plant.

The cruising speed of LOO mph. is too fast for turbo-suner-
ch&.rged R=4360 eneine;.

The basic problea can Ve met with Ik R~L360 en:ines if the
i.;titial cruising speed (alter oxpenditure of wiprotected
droppable fuel) is reduced to 350 mph. instcad of yoo mphe

The use of awdliary jets as in the XPLi1 r;zduces the maximum

attainable combat radius by 373 nautical ‘miles.

If a reduced combat radius of apprcximately 1200 nautizal miles
is satisfactory either of two dedigns may be accepted; a smaller R-4360

" airplane weiching 96,500 1bs, without jeis giving an average cruising

speed of 359 mph. and & top speed of about LS50 mph., or a larzer
one, with jets, weighing 117.900 lbs, which gives an average
oruising speed of 315 mph. and a top speed of about L6S'mph, .
The use of auxiliary jets for flight at 40000 .t;e_t ig an expedient

“of doubtful value due to the low net thrust at this altitude,

The greater airplans weight (21,400 1bs.) for a lirdted combat
radius, decrease in average cruising speed (Ll mph) and increase’
in power plant cammlications must be balanced against a nrobable
ain of about 15 mphe ih high speed at 10,000 feet,

833053 v, 5. GOVEANEMENT PRINTING 8FF CE
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Since the airplane that will result from this study
prebably must be sonsidered a post war developaent it is recommend-
ﬁ,dfhl.'tc- ,'

1, A detail design study by this Branch wsing propeller
: | turbines be Layed oute
» | 2 r:;umhpmwuguuunpmmrmm
as the basic power plant to the exclusion of all -
other types. v
' '_ . 3+ In case an airplans is necessary for this war, the |
s design be predissted entirely wpon the use of
), propeller tarbines and intertn installations of the

B-4360 $mbe with or without jets, be made pending
the completion of the turbine development,

t

’ ) . i , " . LI
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III.

Study of lonz Range Search Planes with

% SR Three Engine Types
W'or methods,

A-mu_-.r_-

!i.rloe tvo of the onc,im types considered will rcquire

"pmpqiora and since it is desirnd to cruise at as high a speed ,

., a8 plilible at hi:h altitude the problem of propeller cfficiency

becm a matter of first concern. ut.u'bmg out with the most scvere
odndi.)ion-tlmt ol cruising at })0,000 ft. at LOO iph. vhere the {light

" Mach.giwmber is 460l and the relative air demsity is +2LLT we can ses

Mﬁechl consideration frust be civen to the propeller, particularly

 for iwmmrged R-4360 engine delivering lS'OOB.Hp at 60%

nprll.'i. rated powera ,
“i¥ortwately, the N.A.Cids has investigated this problea very

2‘}

'leinthcﬂfoothigh tpeedﬂindt.umolmdhasreportod

thti‘uﬂta in A.CeRe Nou LBIS af Fedroary 19hke Although the
molleu'a nwestigltod were of a vpocial 'ida blade dosi@ uth an
Wty facor of 135 per bladé and NoAdCohs 16 serics airrom the
mona that are reached are 'r?r,, favorable to obtdn:ug 0=
m propeller nffiohnctu. Partunately one tost was run lt &
n.iutmohm-berof «60 Which very olossly appraximates the
um cmi.i.m, conditions,

. Altbo the prepeller teated had but two blades,eorrections
mmmmmrmwmému "A{rgcrew Per-
fopme Caloulations® Report R-83 of 10 September 1911, nuu

¢ 30088 U, 5. COVERRNENT PRINTING OPPICS
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| Bata are assumed to apply to this prodlem and are repeated here
in the followin: table.

Table I
At values of V/uD@2 6LADES

No. of Blades fne Cp/op,
2 1.00 1,00

3 99 1,398

2 096. 10835

096 ! 2.60'

For the N, A. C. A, 4=030-045 2-blade prop. the following values
are read from the abmA. C. Re Figure 5f,

PN
-

2 Hade - 1=038-0L5 ~Propeller at M - 60

N LMy (Vd)ym (Cp) qm 7® e
YE ook 22 a2 .87 1,5°
% ;l N 9 2q75 173 «915 500
M o83 3% . . 9% 550
A g 4 B o766 3095 337 ) "1 60°
\.ﬂ From these data ahd the corrections of Tabls I,curves are cal-
r f%",;’hi . culated for 2, 3!3-& 6 blade propellers and plotted on figure 1
E f;  for'wse 15 estinating thé orvising prepeller efficiencies that
; RIS ean be sbtained with the various powsr plants.
B S.£.C 2 428 #/BBp/hre at 1820 R.P.), & 1500 B.Hp.

3000 B.Eps at ses level ~ T.0s @ 2700 R.P.lL

3000 B.Hip. at h0,000 = MEY @ 2900 R.P., <
1500 Blips: at 40,000 - Cruising & 1820 R.P.X.
Gear R&ﬁ“ « 0381 and (425,
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A

, &t a diameter of 21.05 and 20,1 Teet respectively. The six

Choosing & series of propeller diameters and computing p
and V/aD for the cruising condition allows the resultin; walues

%o be plotted on figure 1. It sppears that the best cruising

: propeller will be either one of three or of four blades with the

#3681 gear ratdo, ‘_These designs will give efficiencies of .886

7 ylades will give ,883 at a @ismeter of 13,15 feet: It is probable

a

;'3 that better high speed perfoxunoo will be obtained with the 18

%‘9‘

""_5 Zoot 6-blade due to lower tip speed, altho some ucrifico in range
: '1111 result due to probable greater propeller weizht. The final

;‘choico is largely a matter of judgement but 1t appears that,
ninco the oruuing oondition is the most important, the 21 foat
3 blade should be used. The cruising efficienc; is thcn 2886,

4
o,
v

i

e £ET © Naxe contin_w power (Jot Th.g 164 1bs,

i | ; Bi-ffdﬁmm. (Pmp RePols 3 1115 :
(i fj ; : Fyel oons. 5024/hr. '

chuﬁnthpmo"umdforﬂnl-b&mdplotungq'
cn.'/btoraumcozcl.tuuﬁmrolitui-adatdy
lppurﬁt‘th-t_thtﬁ.l’.& u_gutoomchonthhmgimupn-
mmmm"mmuMmme.
‘tothatrorthnn-witmlbwtobuﬂdamthrm
of gears, HﬂlehMﬂchﬂnmm
plotmmwmmumught.mummunu
lmwomntbwefMCrﬁdmyuinthccmd
thom&. I the gear ratlo uwboomz'od‘n are. perfectly

-

T SEBNEB U 6. GOVISNRESY FRINNIRG GOIER
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7 flexible (supposedl;) as to the choice that is made, sc that we
/
can make the ufficlenc, of a 3-blader oqual to .086 at a V/nd of

2.15 and a Cp of 206, The diameter will then be 162 feet at
( 900 RuPuils .
36 'u"estin;’,house 25.D SJlp m 956 B.lip,

. - 1008 ram elficiency Jet Th. = 120,2 .i‘os.
Prope itePelle = —=e-
fue. Conse = 523 1lbs/hr

Since the 7ear ratio is not '.et declded for this enzine 1t ma:

be chosen so as to use a 3=-blade prop. th> same &s the other iwo

encines. At cp = 4206 and V/nd = 2,15 the resililn; diameter is

) 10475 ft. at 0% R.7.l, This propeller likeiwse ives [max =

+886 at cruising speeds ‘

It is realized that much additional stud; 18 needed to work
éut the best compromise propellers for each en;'ne considaring

’ hi;h speed, climb and take-o7f but that must be done later in

.y

; the esi_ n stage, ~At least this anal;sis has shovm that very
i ] good cruaisin: efficiencies can be obtained, neglecting all other
éonaidorationl. '

' B. Desim of n:

WT TR TIE T
-

k Since the fli:ht lach number is +60L some stud: must be -iven
to compressibility phenomena !nfore decidiny upon the airfoil
section and .the thicimess ratio to be camplosed. Since the value

* X of "q®, the d namic pres?ure at LOO mph at 40,000 feet is but
) 100,1 155/042 the wing loading 4s also an important considerations

SI3008 . 5. SOVLARGENT PRINTING OF7ICK ‘;‘*
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A high '!ondiu increascs the cruising 1ift coefficient
(01 = (W/5)/ 200.1) and thereby reduces the airfoil critical
Jach nmber, ' :

NeA.CoA,_ Roport A.C.R. Mo, 15C05) af March. 1945 gives data om
the critical Mach mumbers of a large nmber of airfoils of thickness
retios of 12%, 15% 105, 215 and 2i%, all plotted against low
speed 147¢ coefficient, Since the low drag 66-000 type are not at
present recommended by the ¥.A.C.A. these sections are eliminated
st once, leaving the 2400, L0O, 23000, 63-000, 61000 end 65-000 -
typess The 23,000 sections wre eliminated quickly, since evan at
128 thickness ratio the critiesl Mach mmber will be .500 at o
wing loading of 30 lbs./sq. ft. Asguming that the leading wi)l
umwlu./q.\mmmmwmmw,u.
.mtcw.muntmummm.m
soctions, Some of the Jowdrag sections are very slightly superier

- mmwumm ~ Considerations of surfsoce

mhhmwmawsordcom
wmﬂmﬁmm‘ofwnmumumt
thayﬂluhﬂ];bmﬁmammﬁmlhﬂp.
mmnmmmmmmuum

oase, m.mmmmmnmw,m
othmitmnulnﬁ.mhhmbmymuﬂu,h )
order to reglize their law valves. If the surface conditions are
such a8 to precluds such 4 grestertent of laminar 7low, and the

S0 @, 6. SOVSRRMENT FEIETINS GPVIES
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Ssineition moves forward, the dreg coefficlent incresses
'-“I.y The normal section like the 21,00 series, on the other
'hp.mnryutmmwmhummmmor
_tﬁ_lmﬁmhmhthtthh-nmthnrym. The

result is that this type of section 48 much less sensitive and
M utth increase in drag with practical surface oonditims.
Itudocmodtomﬂnwm»mummmmronu-
ing the reasoning above, .

~ In order to find the best wing loading, aspect satic and rest °

thigknus ratio,an ‘extensive mumtionmmd.dmgﬂa
wm&-

9

(1) A saries of wing loadings, w o 30, b0, 50 wnd 60 1b/ee2
were choses,
“”(2) Am«mm.mm.xsx.wsmm
T e e
* (3). The aspect ra‘ios were 6, 8 and 10,
” (k) Zetimstes ware mads of the L/D's of the wing and tail for
: wmmmmmonmdmn-
mmwdmz,amrhamgdmmmu,,m
L. C. R. 15005, .
(5) The preduct of the wing I/D and the thrust of axy cne
' eagine gives the weight that can be carried. |
(6) nﬁmmm,mtmmm%mmpu
mmmm-mmqrmm.mt,mg

multiplied by a factor to represent 'dght of othar

4

s
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structural items.
{71) The differemce between the weight givem in (5) and the
p ’ mw h.(b) becomes an index for range. A naxi-
mm vilne of this difference is desired,

Flotting the yesnlts cvtained i (7) sbove om fizure 3 gived am

,mmtygmammmmmmmm It

w.r@&mwrmwuulmmm,

n_mt'mn-d-h—nmn.smmt,mpmmgunl

may semh, the 12% thickness vatio gives the best index and, taird,
e, ﬂnﬁ-zlm.:-ammumwmhsiu.msq.rt. At .
| aqutrﬂ.tm,mmuomzz,upamu-rsu
uau-;wgatksnn./-q ft. the ratio of span to roet
mu% This i mech highar than any wing that has yet
h—m!u.ﬁmnmn,wumhumm
; m“—mm On the other hand,
“ﬂwrw&ﬁ-mﬂ-muwm
“NNMhHMmﬂ-um Since this.
F_irn--oibmmnwm m,m
hh*“"?""‘“m“l&h&ﬁ.-ﬂm

C. Hwkimstion of Netshte

- In the previous caloulatiom as well as in the work to
fellew the wing wedsht is estimated to be given by:

o

-~ ®
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v 2 0033 (3) Mopl/G ipd Q)

ultimate load factor e SeT
so that at aspect ratio s 10, W = 42, t/c = .15,

and taper ratio 3:1,

W x +01195 Hl.zs

Fuselage, tail, landing ;ear and nacelless
dnalysis of many airplanes of the type bein; studied has
given an empirical expression for the meight of structural items,

(2)

2,

other than the win;, which 1s su.  iciently accurate for this
study, A coefficient is defined: -

Kz _F iy (3)
P ®
Ig= 1.30 3 &%

For the R-4360 engine the mean value for K, of 1,30 is assmed,
due to the large and heavy nacelles. Intheturbinedesi@.nx.
htikuuwwetonl;ermeihmdforthejotuh‘z_@_
dvumlmmgwwme with these designc. There-

fore
R360 W2 .m95 WD 41,30 (Vip ¢ Ve $ W)
=100 Wy 0195 WD 4 1,28 (Wp 4 Ve 4 Wa)
WEST,-25D W (00195 WheD 41,28 (Wp 4 ve W) (L)
M0 W .auss v 4 1,26 (Wp 4 Ve 4 W)
Plant Growp, Wp.
. ¥ = noe of engines,

m 360
' Engines as installed - L3S,
*  acosssaries - LIS,

3404 N
1300 ¥

sane LS. COVEBREENT PRINTINS OPPICE
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Engines controle - LBS, 10m
Propaller (211 Di = 3 blade) - 155, 1160
Starting systes - 1bs. 120 N
Lubricating system - 1bse <01 V£
Fuel system - np. (Wf = Vite of fuel) _ 155 Wf
GLLLN $.165 Vif
_(b) .10-100 ~ Turbins, _ |
Engines as installad (starter) incl, | ‘19601!,'
| Tail Pipes - . I8 N
Engine comtrols _ -
) W(M&-BMS) 650 N
Fuel and oil systen ' .158 %if
J 'I-. Totak. 27108 4,158 %f
%5 .. Ingines an installed (imalestarter) Ibs,
r Engine wam:m in above Ibs, 100 ¥
Engine cﬂlmh- 1bs, ) S5 N
Propeller = (16:75% = 3 blades) 700 ¥
: Puel and of) systew | 158 ut
! m ' | 2500 3,158 ¥
(d) 710-180 = Jet .
Engines as irstalled - (incl, starter) .
\ ' = lbs, 2294 ¥
l Tall pipes , : kS N
Engine controls ':‘ . b5 N ‘
L S S ——
i e - _



v

——— e o oL A G o 4!&&%&"?\ TR
e NAVARR i
: ‘ BUREAU OF AERONAUTICS oATE..
NAVY DEPARTMENT -22e
PREPARED OY___ A “:m iE'n e PAGE
CMECKED OY - |sguep By search = REPORT No. __
Fuel and oil system 158 N

o

e

‘.

LI Total
e Fﬂaquuipmf.Grdup-(omntoall
. cp@mo). -

2334N $158

Instruments - lbe, 190
Surface controls - lbe, 800
Hydraulie system - 1bs, 370 -
Elecirical s;sten - lbs, 1700
Commmicating " . 1pg, 110
Armament Prov, (inel, protection) 1800
" Furnishings _10_5_0
Total - 1bs, 7050
S Useful Joad, . -
Crew (3) - 1bs, | 600
Fuel vt
Arnament 1360
Equipment - 420
011 (B-4360) 066 it
. 011 (turbines & Jot) < lbs, \___SoON
Total 24360 2300 4 1066 v
rch:l. 170-180, m-:wo,as.n - 2380 ¢ 50N ¢ we
6. fiross '»7@' t .

(a) From Voight analysis °

Sa38a  u. 5. covEANmEHT PRivTING wpice
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(1) R-4360 ’
W = 01195 W2 § 12,250 4 79500 4 1.60 %f
(2) 16100 ,.
¥ g o01195 W12 § 12,320 4 3LTON ¢ 1.L82 T
(3) 25D | |
W =.01195 25 + 12,320 4 LO35N 4 1.482 Wr 2
(1) 0180 |

(b}

W 2 J01195 Whed5 + 12,320 $ 3050N ¢ 1.L46 Yt

Tron allowable continuous power,

The gross:Welzht can also be found from the maximm contimuous .

power that can be taken from each engine, the propeller

(1)

(2)

-efficiency and the L/D at the design conditions.

R-4i360

Nornal cruising powds 1500 B,Hp,

Propeller efficiency .86

Thrust - 1b8e 1500 x 375 x 4886 = 1242 1be,

Tal22 ¥ (1)

7200

Normal cruising power - shaft 820 B.Hp,
AR Jet thrust 1;'4 lbe, -

Propellsr efficiency | 883

Thmt'- lbs, 820 x 3!2 X +883 4+ 16,4 = ! 8’.&3 1bs,

¥ 5 813 N (L)

Sshes 6. 5, SOVEDARRNT FOINTING GPPISS
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(3) 25-D.
Nommal cruising power - shaft 986 BHpe
" " jet thrust © 712042 1ve,
Propeller sffici;ncf -883
Thrast 1bs. 862 x 375 x o803 - 105.5 = 967 lbs,
Va7 W (LD ) .
(4) To-180 ) - ‘
Cruising thrust '-; 1bs. (1007 ram) . 950

W = 950 N (L/D) ,
“Thus m have two seis of eduati:ons for gross we.ight which can be
solved similtanecuslyat engine mumbers of 2, I, G and 8 alter the
L/ is deteruined from urod:m.nic drag analysis as -iven below,

’

Ds Estimation of Ratio.

The draz of an airplane may be expressed to a ood degree

of acouracy ass -

Drag = (RSO (op, #0p, ) 512 4 1208 (€ Juv*

There ¢ g relative dansity s +2LL7 @ 40,000" -
cnop = parasite drag cooffiolent - fuselage, nacelles etc,

i bk

GD% = p:forila drag coofficient of wing and tail surfaces.

f , S - wing ares - 18

f’ ' v :'nlocitfr of flight -a,p.h.

. Ve oweight - lbs,

E b  zwing span .

%? e : aspect ratiooficlency factor )

\
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’
w = wing loading - 1bs./ft2 = L2#/1t2
Substituting .
¢ 8 - ‘/I’
ﬁ - koo RePolle

' © ., oz e2WT
) b._-hos o since aspect ratio = 10.
) w
: ‘. or ,
' D = 100 ' +000318
Dz 1002 (op # cn,'>. + 0003100

w

(8)

'D:anefor;, 1t beoomes nocun'.ry to estimate the value of "e"
® & . and the two drag coefficients, oy, & O, Boto the ratio,
D/L or L/D, can be caiputed,

) Effic fachor .
; cclculatim:mdnpmiouﬂybythilbrmchtoraﬂng
.'- ’ : of aspectaiio 10, taper ratio 2}1'1, ratio of span to thickness of
- 35 using the LU0 series sections -ave 2 value of ¢ of o785, The
.hi{;hertlporution!ndinthiast\nymdthomrootthicm
; | Iilltcndto’m.thiaulue slightly, It is ostimated that a
nlunfor"o"of.ﬂlmboo'btdmd. .
; | - (2) !_13 Drag Coefficient.

- ' ,mzmmmuymeaam&a"rorm
lating the profife dreg goefficient of any airfoil section, a;.- any
B Reynolds mumber and with eny t7pe of surface conditions but without
& ' | § .' effect of cqrﬁalw.ity. Asguming that the mean wing ch;rd will

L

. - 4 SRS 9. 5. SOVEBNNENT PRINTINS SPPNCE
r. A, ' f .
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be about 15 feet zives a Reymolds mumber of 17.3 x 105 at 40,000
£t. snd 40O mepehe : , |
At this &, No the 2415 and 212 airfoils with avera:e Zood
smooth surface conditions, such as should be ¢ 'talned by careful
riveting on a heavy skin and reasonable surface Jinish,~ive the
| followings - '
9| nootzms-cnog.obnomﬁmmmmgcoeff. |
Tip 2112 - cDo = 00700 ud.n. profile drag coeff,
eighted Average cDo = +00752
m value is that which wuld be measured in a low speed
strean and it must be corrected for compressibility effects,
. ; LbronhlS@cL..hé is 615
: lor of 2112 € Cp w k2 u.636-
, Y of Flight = 4604
. . : It will be assumcd that the weighted averagze critical .ach
| number will determine the drag increase due to comprossibility,
Average lior = (615 x 3 ¢ 4636)/ = 46203

] Wftor = _%! = «97h

- From Fig, 1, ch/c”'m = 1116
' Therefore cDo — +00752 x 1,118 e .008!._1

1
-

NSty . 5. SOVEROWENT PONITING GPPISE
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(3) a12 Profle Drag Coottctant

Since the tail will be much thimner than the winc it is

ssswmed that the critical lMach number will be that of the 0012
mtmwthatthe%mtulbe <0065,
Wigr = % g o005 -
°D¢/°D°,° z 100
Onouil=.32..90650x1.01h::_0_@_.9;§
(L) Total surface drag coe{ficient '’
Cp,, = +0098 + L0081 2 01039
(5) Fuselage Drag '

‘It is assuned that the fuselage drag coefficient can

L4

be expressed ass -

For the P2V-1, C = 40040l )

) Inol, rcar turret only

In the ﬂau-l. C=e001 )

The larger valus will be used in this study and since it
1s anticipated that the fineness ratio will be quite large the
cfitical Mach mumber ¥ill also be reate Therefore no correctim
vill be made for comp: ssaibility.

Cpy = %1_:; 1722/4/3
(6) Nacellspreg =~ -

From provious data furnished by the Aero & Nydro Jranch

&

s~ . 63568 5. 5. COVURNIINT PAITING EPPICE
.
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estimates are made for thc nacelle drag nf the various engines
as follows: -
(‘) B»-h360 cnnzaoBN'ﬁ::,;‘ig

(b) 70-100 Cp_ = L.OF wA¥ = L2u/w .
. (o) 25D cpn = o9 Mwfli 2 37.8 11/7
) (d) 70-180 Cp = L.l wfi = L2wji.
(7) Mssellaneous Drag Stems
\ntennas etc. (cstimate) — L2AT 7

(8) Total Drag_tstimate

- (@) Bl
[ ] cnop = 2_6,5_52 + %_:_2_ + _.%’_1%3

CDO. = 01039
. Dfi =z 100.1 (96561: + 42 ¢.1722 ¢ .01 +0039
| = s + 7/1» 01039) 4 «00353fw _
. ‘ (b) 10-100 .
s . ' L%_ th2¢ -1722 ' (9)
CDO. = <01039
n/w 106.1 (hzn + hz + 21722 4 ,01039) 4 .0003936w

YIS .

C _-37;8111-1-.24122

DAY = 100.1 (37,84 + hz + 21722 $ ,01039) ¢ .0003936w
wIi/3

il

(a) 1.:-180 ‘
" D | - 1w01 + ol 22 .010 .(IX)
; | N = 100 (_h%_N;_ 9% + :I /3 39) ¢ 03936w

S350 V. 6, CHVIRNESNT PRINTIOS SRNGS
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We now are in a positlon to determine the gross veicht that cam -
be carried by each desirn at the design altitude a:;d specd, and frenm
that weizht to find the amount of fuel that can be carried. Tils‘oro-
cess is dsscribed *in the next scction.

IV caJ.culaEions of Performance

In thc preceding section an expression has been derived for
the D/L ratio ol a series of airplanes wita any number ol four
. possible en;ines. Combining lhuse equalions wili an'cq ation for

gross welsht allows a soluilon to e reached for the welcht that any

" engine can carry. .
A. Deterzination of (ross weiht -
| (1) 24360
® | ¢ weon) -
’ /L = 201 (261.7@ + _1%2_ ¥ g{%* 01039} $ +0003936w
Then at w = 1,2 - |
' f@;m-zw.e-.r 5%

Sointion of this equatiom for 2, !, 6, & 3 R-14350 en-ines
Aves the weishts lisied in table belows -
(2). 7o-100
¥ = 843/D
» ) r
D/L 2 100: (28 # 12 # 122 § +01039) 4 +0003536w
/L v E“- \ ] '. i i )
] e atwg h2
R/ 2 1807% - 213.6 - (20087

| ] : iye table telow cives the gross weights that can be
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- (3) vestia~house 25-D .

T 967'/(1;)
D/L = 100e1 (3787 & 124,172 ¢ 401037 ¢ .0003536w
wwaz
w23 _ 232 - 23,6 - L2005W
(4) =250 '

W = 950/ ()
DL = 10GsL (12K & 12 # s17g3 4 40LO35) § <0003736w
at w = 12, 12/3 = 20691' - 2436 = 2005

Cross :.cight -

Nuber of Zn-ines
Enyine Tpe 2 ) é 3
R-1:360 Piston 36600 77000 120500 163800
TG=100 Prope Turb. 26250 . 54500 85500 17500
25D "o 30200 66100 33200 L0900
0180  Jet 30500 63500 99250 13600

The followinz Preliminar Vieizhi tahlcs are £illed in from the

)
above, utilizing; the fornmlas and data from the precedin” sociionSe

Be Determination of L/D ratios,
= ,

From formulas above i.he LfD ratios are calculated for each

desizn, both at initial and final cross weights, at 400 sph. and at
40,000 feets It is assumed that 205 of the internal protected fuel
is carrod a1l the u as reserve, The combat probtlem specification

tos thrat 207 of the total (protectsc nlus droppable) fuel must
be allowed as reserve, btut this appears to be unduly restrictidve,
o

20N0Y 0. 0 SOVO YNTNT PRINTING FVIC:
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Desiﬁn No:

Prelin

oeite
Lnarx Weieht

Table

Ineine

) %ODFL

-

— B T T e A

Date 1

Wing Group =3

Basic Ving

Prov. for folding

Spec. Features,

Tail Group

=

| Basic Tail

- Dm. Bal-ﬂnca

Fuulaga or Hull k‘

11600

11730

Alighting Gear Group N\

2 3600

ime Sect.or Nacelle Group)

Powar. Plant Group

23166

31270

nos (as installed)

13500

18000 |

EgginE'gccesanries'_

279

360

Power Flant Controls

.30

4o

?TGEE lér

1200

5600

Starting 5 Etam

Cooling Syst

5;!3|*‘t:5:k:H: ::E;Lﬂlﬂﬂ~40;\ﬂ#\\» 2 s

Lubricating’ ya&em

Fuel B¥Ste

LEOO

6470

20

7050

7050

gmiawm Group
7 Ingtruments

190

Surface Controls

{1 800

Hydraulic ‘System

370

‘Electrical System

1700

CQmmunicatiqg

12140

- 126

" Armament: Prov.(incl. armog);

1800

27

Furnishings .

1050

28

* Anti-Icing “quipment

29

Auxiliary Power Plant '

30

Auxiliary Gear

3l

TOTAL WEIGHT EMPTY

24070

JL3LG

70030

|"|;|.i-j

Crew -

600

Gon

=

Passengers

éf.x:n

34

Fuel - Ergine.

3UJG

300490

13500

36

uel. - Trapped

17160

Fuel ~- Aux., P.P.

27

1l - Engine

200

350

00

38

0i1 - Trapped °

100

Fian

39

0}} = A\D(. P Po -

[4

0il - Supercharger

ﬂ.u - Reduction Gear
Baggage or Cargo .

Armament’

Lb

FiXed Guns & Install.

1360

1300

42

46)

|42

‘Flexible Guns & Install.
|_Bombs & Install.  °

Torpedo Guns & Install. .

.Iﬁ

50

 Equipment

IZo]

1120

hEh

h?q

H!?llhtiﬂg

=} o

1)
152

Qxygen
___Photographic

Pyrotechnics

123

;giaéellaneoua

16130_

WEIG

170




Fhotographie

Pyrotechnies

discellancous
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The table below givos the L/D ratios for each of the desirms
om_:l:lder’d. both at the initial loading and at tho final loading,
before expondj.ng the reserve fuel:
Nunber of Engines
Engine Type 2 '} 6 8
/i n/dt L/mi L/t L/;4 Lfof L/ L/Df
.' R=-11360 14,70 150 15.50 1)4.57 16:15 15.00 1648 15,22
20100 15,56 15.18 - 16,15 1S5 16,90 176 17.42 15,25
259 15,61 i8S 17410 15,18 17,80 15,20 18,20 15.79
© 70-180 16,05 1466 16,70 16 17,30 W72 17,90 15.10

Ce . Deternination of Combat Radius

S'.tmo all of the ongines considered can carry rmch more weif'ht

at low altitqde t.han t.la.t calculated abon, it 1s reasonable to add fuel

in dzvppablo tml.l of sufficient quantit: to get the airplancs a dis-
tance from the base equal to 905 of the oombat radius. In this case the
airpla.nos will not be able to reach 40,000 ft. and 400 mph, until they

are m little d:l.aunoe from the take off point.
| " Since the total range 'lith both Imtermal and droppable fuel is
2} tines the combat radius as defined in Sl-152, a simple expression can

be obtained for the combat :-o,dina.j_‘.'qx fautical miles 1in terms of a
statute miles range on the internal protected tanlg (;l.esa veserve) civen

on the Preliminary Tieight.tables, asswming that the “irst $0% of the come
btf: radius is on droppable fuel,

S083808  v. 5. coveanmny PRinting errice
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Radius z o6LR/1.1515 5 556 Range (combat)  (10)

In oplputing tho‘ran:fe in ﬁatut.o miles Broquet's formula is
ul.od for the R=4360 engine, with the L/D averaged between the
btainning and end of flight. Tho specific fucl consumption = 425 —-
under the cenditions assumed as given by t.ho engine nmanufacture.
This is increased by 15% as spocified in SR-152. For the turbine

- and jet engines it is more convenient to compute the range from the

1bs. of fuel used per mile averazed betwcen thc begimin:z and end of
the tripe These tpriine fuel consumptions are increascd 7% over
the mamifacturers fijures, as specifisd in SR;J.S!. The table below
sives the results of this calculation: -

' Combat Ringes and Padid
- Number of Engines

2 b 6 8
Fngine  Coubat Combat c;-bgv Gombat Coumbat Comsat Combat Combat
Ty/me Range Bndiu_ R.f‘;' Redius Range Radius Ranje Radius
BA360 286 189 190 662 1536 8L 1685 936
T-100 390 27 10 2050 205 1338 2680 g0
T-160 686 362 125 T 105 B %2 o

SJf NI S N4 sad - NJH S N

(The fuel comsunption for the T0=-180
is 2.8 #/m. initially).
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' It is to be noted that the combat rangcsinthoabovatablom
cmputod on the basis of carrying 20% ol the internal protectod fuel
: throug)wut the f1ight, which is accomplished at tho constant speed of LOO
mph, These figures, thc;rofore, are not comparable to the ranges given
in the airplans characteristic charts, which are 211 out maximum ranges
usinz all the fuel and flying at constant angle of attack, that is with
redfoed spoed as fuel is expended, Reforring to the ahove taile 4f L/D

. ! ratios it is seen that considersble loss in range has resulted from the

redustion in L/D at the end of the {light, Furthermore, the values
riven in the table are no£ of necessity the maximum L/D ratios, but
~are the values obtainable at 40,000 feet at LOO mph, with the best
ing loading of L2 Ibe./eqs fte |

._- In order that the cata in this stud; may be comparable to that

p

2
3

given in the airplane characteristic) charts the ranres are re-
camputed, These Ferry ’hngu are based upon tiie fo]lowing dofinitions:

The flight takes place at the initlal L/D with decreaaing

speed as fuel is rpcrhd. ’

A1l tbo fuel il/ nled. that 48 the flight continues to dry tanks,
The fuel consumptions are inoreased 15§ and 7§% for the pistom
and turbine engines respectively, '

Ho reductions are made in the coq;mnbmt;r corrections for
either the airplane or propeller,

Statute Mile Ranges on interoal Yenks/sTe Tt by 1 to
accqmt for unprotected droppable ﬁua].. R

4
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- ' FERRY RANO"Sy; STATUTE MILES

Nasber of Engines

Byine Zype 2 . b 6 8

Reli360, 935 2h30 NS0 3u70
176100 722 3550 w0 5025
25D M fmo N0 8000

70-160 25 20 25 29%

A1l of the above valuss would be inoreased slightly by a norc do-
tailed analysis with the compreseibility corrocf;ion roduced as the
flight speed lowerss . |

De. Discussion of Rlaullt_.gp
moﬂ-menéimm\dthelﬂ-lw:etdomtappwiobeu
attuctd.ve‘ aB the mtmbinu. This ﬁn;r be a surprising result for
the R-14360 encined airplanes, but a little analysis will show the
reagons for i'thil difficultye The Jet, on the other hand, has been

_favored by the choice of a high speed and altitude and the explanations .

fo.;.' its deficiency lios ‘em}irc‘ly in the very low propulsive eﬂ“ictmoy
of this type unit, From previous studies it is estinated that a jet will
give about 39% propulsive of{ici?myl under the conditions of. flight
specified hers, ' This is reflected in the hish fuel consumtion of

2,8 1bss/Mile, The R-U360 has been penalized by the LOO uph
specification mud by the necessity of using supercharzers to fly at
40,000 feet, Al‘l.;hbugh these enzinee can carr: much more woirht dus

to the greater affeotive thrust, the croater power plant welzht more
than mteo for this sain, The ratio of fuel load to ~ross

Weight on the 8 encine desicn is 4182, Whilo for the 70-100 it is 4209,
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poe the 25-D, +265 and for the T0-180, o3 The low S.F.C. of 425
#/mP fox, /038 sucriciently good to make up for the decrease in per-
centage of fuel to gross. The 5.7.Ce on-the TG-100 is JL9k and for
the 25-D is .L81, #/BHP/hre at the conditiens of operation at 40,000
feot. It is of interest to note that the S5..C. for the T0-180 is
98 l/mn’/hr. on this same basis.

- : ' ’l'he choice of a lmr speed ror cruising would have resulted in a
hicher L/D for the R-4360 engines, since then the drag of ,the larger

- -

nacelles would have been reduced. It is reasonable o assume that
with the px"oper wing area apd with increased win; root thickness a
maximm L/D of about 18 to 19 mizht be obtained at some lower speed.
Furthermore, the effective thrust would have increased (Th = Yo

Botk of these effects would result in the piston enrines being able

to carry mch more load, a large portion of which would be fuel, It
is doubtful, however,. that any small reduction in cruising speed will
D | " inorcase 'the combat rddius to 1500 nautical miles, as specified, A
large spood reduction will require either more armament for protectd.on
: vor tarbo Jots as amnu-y "Kickers” to increase 'max, More mt

E . will result in an increase in drag and a reduction in fuel load and

k due to a decreass’ in speed has the tendency to require a still. greater
inorease of the armsment, 'The use of auxiliary jets also reduces the

fusl: load bat there. iz no naterhl drag increase for cruising flight,
This type of desirn is’) not as autisfactory as the propqller turbine,
but probably is the best compromise that car be obtained at the prosent
. ,time. A solution of the ;mblcn for R-li360 engines, revised to suit
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piston engine characteristic is attempted in the next seotion.
. It 1s possible likewise that a very small reduction in
ocruising w, l.v to 10 mphy would result in somowhat betior
peiTormance for the turbine designs, due to the reduction in flight
Mach mumber from 604, but the decreasc in shaft pow.r and the
_ incmaao in fuel consumntion in pounds per mile night nore than
‘ compensate foranymﬂlc)mnwesindrac. Only a much more re-
fined analysis than has hgen done here v'ill decide the point,
The difference betwoen the corbat radii for the TG-100

afxl the \'Iostingtwuai 25-D deservor some coment, Although the
lattor engine gives about 50% more porer at sea level the Viest-
inghouse data seems to be predicated upon a more rapid decrease
of power with altitude than does the General Kloctric data for the
TG=100¢ Although the 25-D shows up oomiderably better than the
10-100, if the sams pawcr peroentage betmeu sea Icvel and 10,000
feet were qtuned for both engines a still preater di ‘ference
would exist,

|
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B, Estimstion of Umprotected Pusl Loads

AP

T TSI VTR i pe

vt i ¥ P

. Since it is assumed that 90% of the combat radius is flown
on unprotected fuel it becomes a simple matter to estimate the over-

load required for this purpose, The add:tional assmption: is made

that the flight takes place at an averege altitude of 20,000 feet
and at the speed coriesponding to the initial L/D of the table in

paragreph B,
The following additional fuel and tankage weights are

found: - ‘ .
Unprotected Pusl & Tankage VWeights

Pogine Type S e o e

RUS0 ‘2150 STTS 10820 16750

T0-100 1135 - 10960 20950 N00

25D 360 15900 28900 11200

280 3680 . 13750 2200 33300

Since the weight of the umprotected fuel is not a critical item in
*his stud;, the above oati-t.o'a are made upon & ve:y rough und
approximate basis. It is belisved the values quoted are conservative.
Upon a more detailed &nl.h';il for any particular design the amount

of this extra fuel will be caloulated by integration processes and
with grester acouracy,

L] 9. 5. SOVERNNENT PeinTING SFPICE




NAVAZR190¢8

\  BUREAU OF AERONAUTICS ———

' PREPARED BY M%m PAGE " ot
cHecxED oY issuep sy AVIATIR D ¥ Ymsmarcy — — REPORTNO..____ .
IV mmﬁmtmu-hU“MWladMJeu.

2

-

‘The study, 80 far, has shomn that propeller turbines are
the only engines that will mset the problem as ori;;dmilyccncoifed.
Unfortunately, these encines camnot be oomiderod suitable for ser-
vice operation at the present time, so that another solution is
sought. It appears mnhew&dmgmhm been penall od by
the ver; high cruising speed deai:nd, twere{orea re'vision of the proba
lem is indicated, Inthhmtimﬂucmilinuapoedisleftuthe
valve sought, but thé altitude and combat radius desired still remain
as before. It is éss\-od that turbo jets will be used as suxiliaries
to obtain .u sufficiently high speod so as to eliminate the necessity
for additional armament. '

The analysis to follow assumes t{mt the flight is made at
constant angzle of attack, giving a constant L/D throughout the
flight; %ﬁmrmgopluﬁnltorhke-oﬁ‘mdcnnbdubo

.acoowplished on'drpppabls, unprotected fuel as beforej t.o initial

cruising ;pod at 40,000 feet represents the maximum value, the speod
uu@nmummu.w;mmummuuw
for the jets since no full power operation was contemplated in the
previous problem, the 208 reserve should be sufficient for that pure
pose,

Theproeess of solution is similar to that used previously,
but mach simplified by choosing but ki engines and by assuming that the

L]
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sams propeller efficiency ca:n be obtained as was demonstrated

pouihh in tho preceding so‘cﬁ.on. Four additional initial cruis-
ing speeds are chosen, 300, 325, 350 wsd'P75 mph, and the proper
wing louung fowd as before, Dut one aspect ratio and thickness
ratio are used in all'cases, the best values found previously, It
' 1s assumed that the 2400 series airfoil sections will be used as
" before, - '
® A, Design of wings, ,
| 1 In order to find the test iring loading the précess out-
lined in Section III B wvas repeated as revised below:
) 1, Wing loadings of 20, 30, 4O, & 50 were chosen all
£ : with aspect ratio of 10 with root thickness ratdo ,

of 15§ as before, A-hicher thickness ratio would
probably mcmq the range qlightly for the low-
or design spesus, out would penalige Vgex with the
P | Jets, .
2. Estimates were made of the L/D's of the wing and tail
for each condition and speel, correcting the airfoil
Te profile drag coefficient b:( fig. 2 as before.
3¢ The product of the above L/D's and the total engine
' thrust for L engines cives the gross weight that can
be carried &t 40,000 feet at the chosen speeds,
ke Estimates were next made for the win: weights, which
were subtracted from the estimate gross weiht from (3),
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S, The differense between (3) and (L) um_in index

for range as Mefore.

The line of best londi.ng for each initial cruising speed
1s show ob figure L, from which the following data is caloulated.
B, Estimation of _I_.Q Ratios, .

The L/D ratios at the respective speeds are estimated from
the previous formulas, apd tabulated below: -

. ’ Initial Cruising Speed v LY v
| 300 29,0  19.22 126,000
. 325 36,0 19,22 117,900
| ' 350 Lok 18,7 106,750
. 375 ) 18,0  17.96 95,600
® | - C. Estimation of Weights v

Fcllowing the previous methods the Preliminary ‘eisht tables
are filled in, These tables are attached for comparisons. The
available thrust at each speed is estimated to be ;

J _ | Initial Cruising Speed Thrust from 4 R-L360 Engines
300 ‘ 6555
325 6135
a0 5700
( 315 : 5320

D, Determination of Range and Combat Radius.

The Ferr; Ranges and Combat Radili computed from the
expressions given previously are given in ihe fo]loﬂing teble for air-
c \ . planes without auxiliar; I-}0 jets.
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Without Jots

Perry Ranges and Combat Iladii
Initial Veruise Ferry Range Combat [ladius Averaze V crulse

300 5340 1520 205 mph.,
325 5620 1553 311 mph.
350 5135 . 1486 33L mph.

315 4790 1205 359 mph,

| Statute liles  Nautical I'iles |

The corresponding data is given below for the airpianea with
I-l0 jets. The fuel load is reduced by the installation of four
I-40 units mounted as in the XPlyi-l. Tho additional power plant
weights_are taken directly from the l.’.artix} estimates for that airT
plane, , '

3 With I-L0 Jets
Ferry Ranges and Combat Radii

Initial V oruise Ferry Range Coubat Radius Averace V ocruise

300 4230 1170 288 wmph,
325 . 250 1180 315 mph,
350 310 1030 338 mph,
375 2810 800 364 mph,

Statute Miles  Nautical :iles
From the above tables, the use of auxiliary jets appears to cost a
great amount in lango and combat yediws,compared with the airplanes
. without thems Three of the airplanes without jets will give a combat
radius of practically 1500 nautical miles, and nnewith the jets
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will meet the specifications; in fact, the best desipn with tho jet
gives a combat radius which ie less than the ;ooro.at without jets

and has an average cruising speed Ll rph, lower, .

The reaa;m for using the I-LO turbo-jcis 18 to inereaso Vinax.

.for get away purposes, end it was realined Lelowe malking tils analysis
_that their wei ht would detract from the ranre. The rosults above,
therefore, are not surnrisinz. %The amount of speed increase, hovever,
by using the Jets is not as rreat as ﬁight be expected, since each
. ' Jet will supply only 11TL thrust horsepowc™ at 10,000 féet at 1,00 mph.
If we corpare the airplanes designed for an initial cruisins spced of
375 mph, without. jeis and the one designed for 325 mph, with .19‘.,8,-
both going nearly the same combat rl.diu:i, we can cet some idea as to
. ’ the efficacy of th'e avxiliary jet principle for this type of aircraft.
Assuming that we can obtain 807 propeller efffcienc at Vigy, &n
approximate inalysis shows thet the Jot airp’ ane “All give a top
' speed of about 465 rphe at LC,000 feet with ﬁ:ll.mili ;a.r:/ power while
B 'the smaller and lighter design without jets will do about 150 mphe
i’he tvo airplanec are corxpared below in detail: -

Encine tpe ¥V or. ave : TI‘ Span Area Vmax Coumbat -adius
R=l360~ I-L0 315 117,900 181 3275 L6s 1180
R-4360 39 95,600 1Us,8 212, kS0 1205

It appears that the use of turbo-jets may not be worth the added

weight and complication for this type problem, -
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